Abstract Patients with cervical myelopathy may experience symptoms of radiculopathy, and it is not easy to determine whether these symptoms are caused by the myelopathy itself or by a radiculopathy accompanied by root compression. Therefore, we aimed to investigate the prevalence of radiculopathy combined with cervical myelopathy and to evaluate the characteristics of cervical myelopathy with or without radiculopathy. We enrolled 127 patients with cervical myelopathy in this retrospective study and reviewed their medical records and magnetic resonance imaging findings. They were divided into two groups according to the presence of cervical radiculopathy, and their age, sex, involved spinal segment, cord signal change, surgical method, clinical status were compared, and postsurgical recovery was compared using four clinical questionnaires. The incidence and level of radiculopathy combined with myelopathy were investigated. Combined cervical radiculopathy and myelopathy was diagnosed in 66 patients (51.9%, group 1), whereas 61 patients did not have radiculopathy (group 2). There was no difference in sex, age, cord signal change, preoperative Japanese Orthopedic Association score, neck disability index, and neck visual analogue scale (VAS) between the two groups, but group 1 showed higher preoperative arm VAS score (p = 0.001). Postoperative arm and neck VAS scores were significantly improved in group 1 (p = 0.001 and 0.009). Half of the patients had combined cervical myelopathy and radiculopathy. A high preoperative arm VAS score was a characteristic of radiculopathy combined with myelopathy.
Background
Cervical spondylosis is classified according to symptoms into spondylosis with neck pain, cervical radiculopathy, and cervical spondylotic myelopathy; in addition, patients may show symptoms of other comorbid conditions [1] . In cervical radiculopathy, a compressed nerve results in pain, abnormal sensation, muscle weakness, reduced tendon reflexes, or muscle atrophy in the upper limb [2] . In cervical myelopathy, the characteristic symptoms include problems with fine motor function of the hand, difficulties in walking, and urinary problems caused by compression of the spinal cord [3] . However, some patients with cervical myelopathy also present symptoms of radiculopathy. In such cases, it is not easy to determine whether these symptoms are caused by the myelopathy itself due to cord compression or because of the radiculopathy accompanied by root compression. In cases of radiculopathy, conservative treatment shows favorable outcomes [4] , whereas in most cases of cervical myelopathy, the neurological symptoms eventually worsen, leading to surgical treatment [5] . To the best of our knowledge, there was no published report about the prevalence of combined cervical myelopathy and radiculopathy, especially its clinical symptoms and radiologic findings. We hypothesized that cervical radiculopathy would have concomitant myelopathy and the clinical outcomes of combined cervical radiculopathy and myelopathy would be re-evaluated. The present study aimed to evaluate the prevalence of radiculopathy in cervical myelopathy patients and to investigate the clinical features of cervical myelopathy with or without radiculopathy.
Methods
This retrospective cohort study reviewed data obtained from the medical records and magnetic resonance imaging (MRI) findings of patients who received surgical decompression because of cervical myelopathy at the participating hospital from June 2010 through May 2015. This study was conducted according to the Helsinki Declaration and approved by our institutional review board (approval number: 2017-01-002), and written informed consent to participate was obtained from all participants.
Patients with cervical myelopathy, defined as having both clinical and radiological findings. Positive clinical findings defined as two or more long tract signs (Hoffman's sign, Babinski's sign, ankle clonus, increased deep tendon reflex, gait disturbance) were existed. Positive radiological findings defined as compression on the spinal cord causing changes in the shape of the spinal cord boundaries as visualized by MRI, respectively, were included [3] . The exclusion criteria were patients with a history of brain injury or cervical cergerytraumatic spinal cord injury, spinal cord tumor, cord inflammation disease, or poor electronic medical record/magnetic resonance (MR) image. A total of 250 patients were screened, and 123 patients were excluded (Fig. 1) . Thus, 127 patients (94 men and 33 women) were included in this study. The average patient age was 58.2 years (range 35-85 years).
Cervical radiculopathy was diagnosed when both clinical and radiographic findings were confirmed. Clinical findings of cervical radiculopathy included the presence of radiating pain along specific dermatomes in the upper limb or a positive Spurling's sign [2] . Nonspecific symptoms without positive Spurling's sign such as pain or sensory changes not following specific radicular dermatomes or numbness but only at the tip of the fingers were considered as myelopathy symptoms, because most nonspecific symptoms of the upper limbs are caused by spinal cord compression, not by nerve root disorder [6] . Some authors believe that symptoms of cervical myelopathy in the upper limb are limited to the area from the tip of the fingers to the hand and appear to have a nonradicular distribution [6] [7] [8] .
Upper motor neuron symptoms can result from necrosis of the anterior horn cells in a segment rather than the compressed nerve root and it usually starts from the intrinsic muscles of the hand, which are most greatly affected [9, 10] .
The radiographic finding on MRI of a displaced or deformed nerve root due to foraminal stenosis is indicative of cervical radiculopathy. The MRI unit used in this study was Achieva (3.0T TX; Philips, Amsterdam, Netherlands). The slice thickness of the MR image was 4 mm for sagittal images and 3 mm for axial images. The diagnosis of foraminal stenosis was made when there was consensus between an experienced orthopedic surgeon and reported MRI findings.
We divided these 127 patients with myelopathy into two groups according to the presence (group 1) or absence (group 2) of cervical radiculopathy. To analyze the characteristics of the combined radiculopathy group, the two groups were compared by age, sex, involved spinal segment, cord signal change, surgical method, clinical status, and postsurgical recovery. To evaluate the patient's clinical status and degree of postsurgical recovery, four clinical questionnaires were used: neck disability index (NDI), Japanese Orthopedic Association (JOA) score, neck visual analogue scale (VAS), and arm VAS.
After testing for normal distribution using the Kolmogorov-Smirnov and Shapiro-Wilk tests, independent sample t test or the Mann-Whitney U test was performed for continuous data and the Chi-square test or Fisher's exact test for categorical data. Statistical analyses were performed using PASW Statistics version 18.0 (IBM Corp., Armonk, NY, USA). For all statistical tests, significance was defined as p \ 0.05.
Results
Overall demographics of cervical myelopathy are summarized in Table 1 . At the time of diagnosis of myelopathy, the average length of time with the morbidity was 7.9 ± 12.1 months (range 1-80 months); average NDI, 15.2 ± 8.1 (range 4-41); JOA, 12.0 ± 3.0 (range 3-14); Table 2 . The lesions most frequently occurred in C5-6 and C4-5.
Clinically, 76 patients (59.8%) had definite cervical typical radiculopathy symptoms or positive Spurling's sign and 19 patients (14.9%) did not have typical radiculopathy symptoms or Spurling's sign. The remaining 32 patients (25.1%) had atypical symptoms and negative Spurling's sign. Foraminal stenosis was observed on MRI in 102 patients (81.0%), of whom 40 did not have radiculopathy symptoms. Ultimately, combined cervical radiculopathy was diagnosed in 66 patients (51.9%) who had both clinical and radiographic findings. The radiological levels of combined radiculopathy are summarized in Table 3 . In patients diagnosed as having combined radiculopathy, foraminal stenosis on MRI most frequently occurred in C5-6 and C4-5.
Patient demographics and clinical findings according to the presence of radiculopathy are summarized in Table 4 . There was no difference in sex, age, cord signal change, preoperative JOA score, NDI, and neck VAS between the two groups, but the preoperative arm VAS score of group 1 was higher than that of group 2.
The postoperative improvements in questionnaires score according to the presence of radiculopathy are summarized in Table 5 . There were no significant differences in the improvement in the NDI and JOA scores. However, group 1 showed a significant postoperative improvement in arm and neck VAS scores.
Discussion
Cervical myelopathy can occur concomitantly with cervical radiculopathy, and the result of this study showed that half of the patients with cervical myelopathy also had cervical radiculopathy. Wepking et al. [11] reported that the prevalence of cervical radiculopathy in patients with cervical myelopathy was 74.2%, but their study had a limitation: radiculopathy was diagnosed based on upper extremity pain along the dermatomal distribution without being confirmed by MRI findings. In the current study, we evaluated the MRI findings and correlated them with the radicular symptoms. Although foraminal stenosis on MRI was observed in 81.0% of myelopathy patients, combined radiculopathy, as correlated with clinical symptom or sign, was confirmed in 53.5% of the myelopathy patients. The false-positive rate of MRI for combined cervical radiculopathy was 32.5%, with 100% sensitivity and 33.9% specificity. Although MRI shows high sensitivity and high specificity, it can also show false-positive asymptomatic abnormal findings [12, 13] . In the general population, spinal disk herniation was observed in 10% of asymptomatic patients younger than 40 years, and stenosis of the intervertebral foramen and spinal disk herniation were observed in 20 and 8%, respectively, of asymptomatic patients older than 40 years [14] . We believe that both clinical and radiological evaluations are necessary to assess combined radiculopathy.
Discriminating radiculopathy symptoms from myelopathy symptoms is not easy because myelopathy also present upper extremity symptoms, which can mask the radiculopathy. In this study, we adopted the Spurling's sign as a surrogate of radiculopathy. Rubinstein et al. compared the accuracy of diagnosis using provocative tests to examine radiculopathy, and they reported that Spurling's test showed low to moderate levels of sensitivity and high specificity [15] [16] [17] [18] , the shoulder abduction relief test Average neck VAS 3.5 ± 2.5 (range 2-10)
Average arm VAS 5.6 ± 2.8 (range 2-10) showed low to moderate levels of sensitivity and moderate to high levels of specificity [15] [16] [17] , and the upper limb tension test showed high sensitivity and low specificity [15] [16] [17] . Tong and colleagues [19, 20] reported that the sensitivity of the Spurling's test was 30%, and its specificity was 93% and concluded that the test was useful not in screening, but in confirming cervical radiculopathy. Our surrogate criterion, Spurling's test, as correlated with the MRI findings, revealed that high arm VAS score was the characteristic of the patients with combined radiculopathy. Furthermore, clinical improvement of arm VAS score after decompression surgery was proven in group 1. We believe that the combination of clinical symptoms, Spurling's sign, and MRI findings would help in diagnosing radiculopathy combined with cervical myelopathy, and surgical intervention of root decompression would be helpful in improving arm pain when the three criteria are positive.
Owing to the retrospective nature of this study, it has limitations. A prospective randomized study would be ideal in validating our criteria to determine radiculopathy. And the diagnostic accuracy of foraminal stenosis on MRI is limited because our institution does not routinely take the oblique coronal images that show foraminal stenosis more clearly. But we reviewed the MRI several times and referred the comment of radiologist. To the best of our knowledge, this research is the first study to confirm the incidence of radiculopathy with cervical myelopathy. Approximately 50% of our cervical myelopathy patients have accompanying radiculopathy, and therefore, accurate testing should be performed with consideration of the possibility of combined radiculopathy to achieve good postoperative outcomes. In addition, this study confirmed the differences in clinical patterns and surgery treatment outcomes according to the presence or absence of radiculopathy, which can provide useful information in clinical diagnosis and treatment of patients with cervical myelopathy.
Conclusions
Based on clinical and radiological findings, we have determined that approximately half of our patients with cervical myelopathy had combined radiculopathy and Laminectomy ? posterior fusion 1 1
Anterior ? posterior fusion 0 3
JOA Japanese orthopedic association, NDI neck disability index, VAS visual analog scale The bold value is significant at p \ 0.05 a In group I, additional anterior or posterior foraminotomies were performed The bold value is significant at p \ 0.05 myelopathy and that it was characterized by a high preoperative arm VAS score.
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